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ABSTRACT
Structured Peer Learning (SPL) is a form of peer-based sup-
plemental instruction that focuses on mentoring, guidance,
and development of technical, communication, and social
skills in both the students receiving assistance and the stu-
dents in teaching roles. This paper explores the methodol-
ogy, efficacy, and reasoning behind the practical realization
of a SPL program designed to increase student knowledge
and success in undergraduate Computer Science courses.
Students expressed an increased level of comfort when ask-
ing for help from student teachers versus traditional edu-
cational resources, historically showed an increased average
grade in lower-level courses, and felt that the program pos-
itively impacted their desire to continue in or switch to a
Computer major. Additionally, results indicated that ad-
vances in programming, analytical thinking, and abstract
analysis skills were evident in not only the students but also
the student teachers, suggesting a strong bidirectional flow
of knowledge.
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1. INTRODUCTION
Compared to Biology, Chemistry, or Physics, the disci-
pline of Computer Science is relatively new, having emerged
into the public consciousness as late as the mid-1900s, see [3].
However, the Computer Science job market is consistently
strong, and Computer Systems Analyst and Software De-
veloper jobs have been ranked at the top of the list of “The
100 best jobs” by the US News & World Report, see [6].
Unfortunately, due to the specific educational demands of
the subject, this job market success does not automatically
translate into success for students studying Computer Sci-
ence and Engineering. Computer Science requires a unique
mode of thought, emphasizing critical thinking, extensive
analysis, and a degree of creativity, and also requires from
students the ability to express themselves using the very
strict syntax of code. Much like writing in English or a for-
eign language, students must learn the intricacies of using
a programming language, and as many as 40% of students
entering the Computer Science major have never seen a line
of code before, see [11].
These challenges can be difficult for Computer Science
educators to overcome. Not only must students be taught
a plethora of abstract concepts, but they require the ex-
perience and knowledge necessary to concretely implement
them. To this end, instructors have employed a number of
traditional methods in an attempt to establish and then re-
inforce concepts in the minds of their students. These meth-
ods often focus on one-directional learning (lecture) and the
issuance of reinforcing assignments (homework), and while
these approaches are linchpins in any successful learning ex-
perience, some of their more outstanding drawbacks have
been shown to have an especially deleterious impact on stu-
dents of Computer Science. Lectures and homework have
a tendency to place students in passive roles, to emphasize
one-way communication, and to require a large amount of
unguided time outside of class. This can lead to students im-
properly reinforcing what they have learned which can lead
to the repetition of mistakes and misconceptions. Further-
more, these methods can be distinctly unsuited to teaching
complex abstract material, see [1].
These weaknesses in traditional methods have led to the
creation of several supplementary means of instruction in-
tended to engage students in a more active way, see [9], in-
cluding the concept of SPL. SPL is similar to Peer Tutoring,
which is a form of supplementary instruction in which peo-
ple from similar social groupings, who are not professional
teachers, help each other to learn and learn themselves by
teaching, see [4, 5, 12]. SPL differs from Peer Tutoring in
that the system is formalized (with students being hired by
and working directly for the department), and in SPL em-
phasis is on bidirectional learning and development of not
only the students who are receiving aid, but of the student
teachers as well. This system is capable of addressing many
of the weak points in traditional learning, acting as a sup-
plement to more passive methods. By providing a resource
to students comprised of their peers, students are more able
to engage with the material they are learning, and are more
comfortable while doing so, see [8]. Students are encour-
aged to participate actively, communication becomes bidi-
rectional, and mistakes can be corrected before they become
reinforced. Finally, SPL offers students a relaxed learning
environment in which they can ask questions without feeling
the pressure of authority, increasing the number of students
seeking assistance as well as improving the learning experi-
ence of those who do.
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2. STRUCTURED PEER LEARNING
The Computer Science and Engineering (CSE) depart-
ment at Texas A&M University established its structured
peer learning (SPL) program with the goal of increasing re-
tention in CSE, with the additional, related objective of in-
creasing student success in Computer Science courses. The
program is staffed by high-performing students who are hired
part-time and assigned specific Computer Science classes
that correlate to their proficiencies (generally based on prior
outstanding performance in the courses they are assigned to
teach). As these students graduate and leave the program,
they are replaced with new high-performing students, gen-
erally selected from the lower-level undergraduate body. In
this way, new student teachers are constantly cycled through
and afforded the chance to learn from the opportunities pro-
vided by the program, and the relevancy of student teacher
classroom experience is kept current by ensuring that stu-
dent teachers assigned to a specific class have recently taken
that class.
Student teachers are compensated by the department, are
required to complete an initial training regimen, and are
required to attend training sessions every semester for pur-
poses of professionalization. All student teachers must abide
by a code of conduct and a set of rules established by the
university and the CSE department, and are expected to
represent the school in a dignified, professional manner.
2.1 Benefits to Students
There are several ways in which student teachers provide
assistance to students:
• Assisting, tutoring, and instructing directly in Com-
puter Science course labs. This allows students to ad-
dress issues which are fresh in the minds of students,
and to provide direct assistance as students are work-
ing on completing assignments.
• Providing dedicated hours during which students can
approach student teachers for one-on-one tutoring. Stu-
dent teachers also enroll in any electronic resources
(message boards or forums) tied to the class, and reg-
ularly respond to questions posed by students on these
media.
• Leading supplemental classroom-based instruction for
groups of students. These sessions are generally de-
signed to review concepts presented in lecture, and
are oriented towards reiterating points so that students
strengthen their grasp on course material.
It is an important tenant of a SPL program that certain
formal aspects of traditional instruction, such as curricu-
lum development and grading, are not performed by student
teachers, so as not to blur the boundary between student and
instructor, see [10]. The program grants student teachers a
degree of space from the authority figures leading a course:
• Grading is never performed by student teachers. This
is important to ensure that a peer dynamic is pre-
served, as formal evaluation can easily disrupt any feel-
ing of equal footing.
• Student teachers generally collaborate with the teach-
ing assistants (TAs) heading labs, but they usually do
not take immediate direction from instructors.
• Formal classroom direction is not disseminated through
student teachers. Students do not receive assignments
from student teachers, and student teachers are not
able to instruct students to perform course objectives.
This is very important in maintaining a peer relation-
ship between student teachers and students.
We believe that this space between student teacher and for-
mal instructor is a necessary condition for the unique dy-
namic that develops between students and their student
teachers. Instead of being formally empowered with author-
ity in the course or passing down mandates from “on high”,
student teachers are able to act as relatable resources for
their students, and are able to provide insight not only into
technical matters, but also into the social, cognitive, and
circumstantial factors surrounding an undergraduate career
that includes a Computer Science curriculum.
2.2 Benefits to Student Teachers
A critical component of SPL, and one that differentiates
it from Peer Tutoring, is the vast number of benefits en-
joyed by student teachers both while they remain part of
the program, and after they have graduated and moved into
further education or the workforce. Many of these benefits
are academic:
• Student teachers are required to repeatedly teach com-
plex Computer Science topics to students, which serves
to cement an understanding of those concepts in the
student teachers’ minds. While student teachers are
generally already high-performing students, this repe-
tition helps to promote further mastery of many topics
that are central to their success in the field.
• Computer Science is a field in which many problems
can be solved in multiple ways, and as such student
teachers are often exposed to alternate solutions when
assisting students with assignments. This encourages a
flexible mode of thought and a broad range of thinking,
which helps to expand the skill set of student teachers.
• Because different professors may teach the same course
differently and student teachers generally assist any
and all students in a particular course, regardless of
professor, student teachers are exposed to multiple facets
of the subjects they teach, which broadens their per-
spectives and allows for a more complete education on
the topic.
In addition to these academic benefits, student teachers are
exposed to many advantageous scenarios which may increase
their success in the workforce and/or graduate school:
• In the implementation of SPL in the CSE department
at Texas A&M University, student teachers assist in
running the SPL program, and undertake many projects
which provide support, directly or indirectly, to the de-
partment. These projects range from managing schedul-
ing and assisting with hiring, to website maintenance
and construction, to the development of applications
and interfaces that facilitate the success of other stu-
dent teachers. These projects and responsibilities cul-
tivate valuable skills and experience in the student
teaching staff, and can also help to strengthen student
teacher resumes.
• By interacting in a work environment with one an-
other, student teachers build a network of high-performing
peers that may carry forward into their future careers.
• Student teachers are well-positioned to mentor not only
their students, but each other as well. Valuable expe-
rience gained during internships, co-ops, or employ-
ment, as well as impressions from courses taken, can
be shared by more senior student teachers with their
juniors.
These benefits can greatly impact student teachers, and
serve to provide distinct benefits to the active student body
that may not be seen in other methods of education, such
as traditional Peer Tutoring, see [2].
3. HISTORICAL DATA
The Computer Science and Engineering (CSE) depart-
ment at Texas A&M University performed research in 2007-
-2008 on the effectiveness of the SPL program as it pertains
to student academic success, the results of which were sub-
mitted to the Texas Higher Education Coordinating Board
but not formally published. Students were surveyed to de-
termine whether they asked questions of student teachers
during the semester, and their GPAs (grade point averages)
were assessed at the end of their courses. The results indi-
cated significant improvement in the academic performance
of underclassmen who took advantage of the SPL program,
with less conclusive results for students in upper level (junior
and senior level) courses.
3.1 Methodology
Approximately 1100 students taking Computer Science
courses were surveyed as part of the study, with about 500
responding (approx. 200 of whom were in freshman level
courses, approx. 100 in sophomore level, and approx. 200
junior and senior level). Information was sought from stu-
dents whether or not they asked Student Teachers any ques-
tions throughout the semester, Those students course grades
at the end of the semester were recorded. Grades were then
converted to a 4-point scale and averaged by course level.
3.2 Results
Students in Freshman and Sophomore level classes showed
a clear increase in grade earned (Fig. 1), with students in
freshman classes who asked questions of Student Teachers
during the semester earning an average grade of 2.77, while
those who did not ask questions of Student Teachers earning
an average grade of 2.09, a difference of 0.68 points. Students
in sophomore level courses were also greatly benefited, with
students who asked questions earning an average grade of
2.95 and students who did not earning a grade of 2.36, a dif-
ference of 0.59 points. The benefits to students in junior and
senior level courses were less clear (2.96 questions, 2.95 no
questions). Furthermore, 65.48% of the students who asked
questions ended up “succeeding” (defined as earning either
an A or a B grade) in their courses, whereas only 58.34%
of students who did not ask questions ended up succeeding
(Fig. 2).
Finally, students were surveyed at the end of semester to
evaluate their level of comfort in asking questions of instruc-
tors, teaching assistants (TAs) and student teachers (Fig.
3). In freshman classes, a greater proportion of students
indicated that they were comfortable asking questions of
student teachers (87%) than indicated that they were com-
fortable asking questions of TAs (83%) or instructors (74%).
Similarly, more sophomore students felt comfortable asking
questions of student teachers (91%) than did those who felt
comfortable asking questions of TAs (89%) or instructors
(62%). In upper level courses, students were most com-
fortable asking questions of instructors (92%), followed by
student teachers (88%) and TAs (68%).
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Figure 1: Student GPA: Questions vs No Questions
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Figure 2: Student Success: Questions vs No Ques-
tions (Historical Data)
4. RESEARCH OBJECTIVES
The SPL program in the CSE department at Texas A&M
University was established as a means to increase retention
in-major, but it has also proven an excellent testbed for
evaluating the potential benefits of SPL itself. The program
was not designed as a rigorous experiment, and no controls
were implemented as part of this program, as the initial and
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Figure 3: Level of Comfort (Historical Data)
ongoing goal has been to help as many students as possible
and not necessarily to measure success with exacting rigor.
Therefore, many of research objectives rely on the subjective
experiences of the students and student teachers involved.
With this in mind, we set out to measure several key areas
of student growth, with a focus on evaluating development
of both the student and the student teachers. We hoped to
answer the following questions:
• What educational benefits are received by students
who seek help?
• To what extent were student teachers able to deepen
their computer science knowledge?
• What, if any, is the environmental impact of SPL? Are
students more comfortable in seeking help from stu-
dent teachers as opposed to other, more conventional
sources?
• What are the fringe benefits of SPL? Do student teach-
ers see significant improvement in non-technical skills
that are conducive to success within the field of Com-
puter Science?
5. METHODOLOGY
We collected data primarily through means of online and
written surveys. At the end of each Computer Science course
in which student teachers played an instructive role, stu-
dents of the course were asked to complete a short question-
naire evaluating the student teachers they interacted with.
Additionally, former and graduating student teachers were
contacted and asked to complete a survey evaluating the effi-
cacy and impact of the SPL program on their college and/or
professional careers.
Student survey data was collected beginning in spring of
2009 and continued through spring 2016. During this time
we received and analyzed a total of 4709 responses. Ques-
tions encompassed student level of comfort in asking ques-
tions of student teachers vs traditional instructors, impact
of SPL on student understanding and course grades, impact
of student teachers on CSE retention, and effectiveness of
the student teachers in general.
Former student teacher survey data was collected in spring
of 2016. We received 33 responses from students who worked
as student teachers at some point during the period from
2007 to 2016. Questions encompassed overall satisfaction
with the SPL program, personal benefits attained from par-
ticipation in the program, and the professional and academic
impact of serving as a student teacher. Many of the ques-
tions asked were descriptive multiple choice, but respondents
were also encouraged to provide comments and suggestions
for the program in free response form.
6. RESULTS
Students were asked to rate their level of comfort with ask-
ing questions of student teachers, teaching assistants (TAs),
and course instructors by evaluating the statement “I am
comfortable asking when I do not understand a topic
being discussed in class.” Responses were rated on a 4-point
scale (4–strongly agree, 3–agree, 2–disagree, 1–strongly dis-
agree). Students rated their comfortability level with stu-
dent teachers (Fig. 4) at an average of 3.63 (standard de-
viation 0.54), displaying a consistently higher level of com-
fortability than with TAs (3.36, standard deviation 0.69)
or instructors (3.32, standard deviation 0.69). Additionally,
students were much more likely to rate their level of comfort
with student teachers at the maximum possible score, with
70.8% of responses falling under “strongly agree”, compared
with 52.4% and 48.4% for TAs and instructors, respectively.
Student responses were overwhelmingly positive regarding
the impact of the program on academic success: 92.0% of
respondents agreed that the program helped to improve their
understanding of the course material, with 89.5% indicating
that their grades improved as a result of the program (Fig.
5). Additionally, most respondents believed that student
instructors provided quality answers, with 88.6% indicating
that their questions were usually answered well (Fig. 6).
Impact of student teachers on CSE retention was mostly
positive. Students were asked whether student teachers had
a positive impact, negative impact, or no impact on their in-
tentions to continue in, or switch to, a CSE major. In total,
70.7% of responses indicated that they were swayed towards
a CSE major by student teachers, with 28.6% professing no
impact on their educational goals, and only 0.7% claiming a
negative impact.
Former and graduating student teachers were asked to
evaluate the ways in which the SPL program affected their
technical skills, and 100% of respondents indicated that their
coding and programming concept skills were improved by
participation in the program. Respondents also overwhelm-
ingly indicated that their interview skills were improved sig-
nificantly by serving as a student teacher, with 93.1% of re-
spondents asserting that the experience increased their con-
fidence in answering technical questions.
Free responses from the former and graduating student
teachers were mostly positive. A total of 62.1% of respon-
dents included praise for the fact that as student teachers
they were able to learn many important computer science
related social skills while they taught others. Additionally,
the vast majority of respondents expressed satisfaction with
the program, with 96.6% of responses indicating an overall
positive experience.
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Figure 4: Level of Comfort
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Figure 6: Were your questions answered well?
7. DISCUSSION
Computer Science education presents many unique chal-
lenges, and creating an environment in which students are
willing, capable, and interested in learning can be a very
difficult task, see [7]. The SPL program has shown that it is
successful in creating an environment in which students are
comfortable seeking help, and that the assistance provided
by the student teachers has, in the students’ estimation,
greatly increased students ability to succeed in Computer
Science courses. Additionally, results show that, in the ma-
jority of cases, the program inclines students towards staying
in, or switching to, a CSE major.
In addition to the improvements experienced by students
who received help from the SPL program, benefits appear to
have been reaped by the high-performing students serving
as student teachers. Improved interview and communica-
tion skills were indicated by an overwhelming majority of
former student teachers, and an improvement in program-
ming and abstract thinking skills were enjoyed ubiquitously.
This data supports the hypothesis that SPL is a program
that emphasizes bi-directional learning, in which both the
student and student teacher are able to benefit from the
process of teaching. Student teachers also expressed general
satisfaction with the program. Many respondents indicated
that they felt they had succeeded in providing effective men-
torship to students, in areas directly related to programming
as well as in other related skills.
The historical data from 2007–2008 regarding student com-
fort in asking for help from student teachers agrees with the
more recent data. In addition, the data concerning GPA
provides concrete evidence for our contention that student
grades are impacted positively by the SPL program. This
data establishes a clear increase in GPA for students in
lower level courses who took advantage of the program, and
shows that the SPL program is capable of meeting one of
its primary goals which is increasing student success in CSE
courses.
8. CONCLUSION
The SPL program in the CSE department at Texas A&M
University has been successfully providing deep learning ben-
efits to all participants for nearly a decade, and we believe
that it not only provides an additional source of help to stu-
dents who have needed it, but also motivates and inspires
students to learn, creates an effective learning culture, and
builds stronger social interaction and cognitive development.
The program continues to develop based on the feedback we
receive from both students and student teachers. It has
increased in size since 2009, and continues to grow as it
facilitates success in the undergraduate CSE bodies. The
program is not perfect, and cannot ensure the success of ev-
ery student, because those who do not wish to put forth the
effort and seek help see no benefits from the program. How-
ever, we are confident that the methods used are effective
and that the implementation of Structured Peer Learning at
the department is on the right path.
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